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Resumen / Los cu´mulos de galaxias, al estar dominados por la materia oscura, han sido durante mucho tiempo
y siguen siendo los objetivos cosmolo´gicos ideales para estudiar la naturaleza de la materia oscura. Las informa-
ciones sobre la naturaleza de la materia oscura provienen en particular de la determinacio´n observacional de la
distribucio´n de la masa total y bario´nica en cu´mulos, en comparacio´n con los resultados de simulaciones nume´ricas
cosmolo´gicas. Presento aqu´ı resultados pasados y recientes sobre este tema de investigacio´n.
Abstract / Clusters of galaxies, being dark matter dominated, have long been and still are the ideal cosmological
targets to study the nature of dark matter. Constraints on the nature of dark matter comes in particular from
the observational determination of the distribution of total and baryonic mass in clusters, by comparison with
results from cosmological numerical simulations. I present here past and recent results on this research topic.
Keywords / Galaxies: clusters: general; Galaxies: kinematics and dynamics; dark matter
1. Introduction
Clusters of galaxies are the largest gravitationally bound
systems in the universe, first catalogued by Abell (1958).
They were identified as overdensities of galaxies since
the XVIII century and discovered as strong X-ray emit-
ters in the 1970 (Biviano, 2000)?. After the discovery
of X-ray emission from clusters of galaxies it became
clear that most of the baryonic matter in clusters was
not in galaxies but in the X-ray emitting diffuse, hot
plasma. But most of the mass in clusters of galaxies is
not in baryons, but in an unknown form of dark mat-
ter (DM hereafter). DM dominates the mass budget
of clusters everywhere except near their centers, where
many clusters (at least at redshift z < 1, van der Burg
et al., 2014) are dominated by the stellar mass of a mas-
sive (≥ 1012M) central galaxy (the Brightest Cluster
Galaxy, BCG hereafter, see Fig. 1). Since their mass
content is mostly in the form of DM, clusters of galaxies
constitute an ideal laboratory to test for the nature of
this yet undetected form of matter.
It was in clusters that the existence of DM was
first postulated, based on the observations of the rela-
tively nearby and massive Coma cluster (Zwicky, 1933).
Zwicky (1933) applied the virial theorem to the observed
spatial and velocity distribution of a few galaxies in the
Coma cluster to estimate the cluster mass, and found it
to be much larger than the light of the galaxies would
suggest. More recently, observations of the so-called
Bullet cluster in the optical and X-ray bands, allowed
Clowe et al. (2004) to claim a direct detection of DM.
Their claim was based on the observed displacement of
?http://ned.ipac.caltech.edu/level5/Biviano2/frames.html
Figure 1: Image of the z = 0.44 cluster MACS1206. The
arrow indicates the Brightest Cluster Galaxy (BCG) that
dominates the cluster center (credits: NASA, ESA, M. Post-
man.)
the baryons (traced by the X-ray gas emissivity) and
the gravitational potential (traced by weak lensing dis-
tortion of galaxies in the cluster background). Such a
displacement cannot be explained by theories of mod-
ified gravity where there is no other mass component
than the baryons.
One way to explore the nature of DM is by com-
parison with predictions of cosmological numerical sim-
ulations feeded with a particular type of DM, the most
popular choice being collision-less Cold DM. Navarro
et al. (1996, 1997) analysed the internal structure of
simulated halos in Cold DM cosmological simulations
Invited report 1
ar
X
iv
:2
00
1.
00
80
0v
1 
 [a
str
o-
ph
.C
O]
  3
 Ja
n 2
02
0
Dynamics of clusters of galaxies
Figure 2: The mass density profiles of simulated halos of
different masses are displayed together with their best-fit
NFW model (solid black curves). From Navarro et al. (2004).
and discovered a surprising similarity in the mass den-
sity profiles of halos of very different masses (see Fig. 2).
These profiles can be described by the simple law (NFW
profile hereafter)
ρ(r) ∝ (1 + r/r−2)−2 (r/r−2)−1, (1)
where r−2 is the radius where the logarithmic derivative
of the mass density profile d ln ρ/d ln r = −2. It can also
be written as r−2 = r200/c, where c is the concentration
of the mass density profile, and r200 is the radius where
the mean mass density of the cluster is 200 times the
critical density of the Universe.
Deviation of the cluster mass profile from the NFW
shape could indicate that DM differs from the Cold DM
model that was used by Navarro et al. (1996) in their
cosmological simulations. DM could be warm (Bode
et al., 2001) or self-interacting (Spergel & Steinhardt,
2000) rather than cold and/or collision-less. Deviations
of the cluster mass profile from the NFW shape could
also be due to baryonic effects, that were not included in
the simulations of Navarro et al. (1996). Several bary-
onic processes could affect the cluster mass profile; adia-
batic contraction (Blumenthal et al., 1986; Gnedin et al.,
2004), mass accretion (Laporte et al., 2012; Diemer &
Kravtsov, 2014; Schaller et al., 2015), dynamical fric-
tion (El-Zant et al., 2001, 2004), and feedback from a
giant active galactic nucleus (AGN hereafter) located in
the BCG (Ragone-Figueroa et al., 2012; Peirani et al.,
2017).
2. Measuring cluster mass profiles
The determination of the mass distribution of clusters
of galaxies can be obtained in several ways (see, e.g.,
Pratt et al., 2019, for a review). The most popular are:
• through the X-ray emission, or through the Sunyaev-
Zel’dovich effect (Sunyaev & Zeldovich, 1969), by
assuming that the emitting plasma is in hydrostatic
equilibrium in the gravitational potential;
• through gravitational lensing distortion of the shape
of galaxies in the background of clusters;
• through the analysis of the projected phase-space
distribution of cluster galaxies, used as tracers of the
gravitational potential.
The first two methods work better with data taken from
space-based observations, and are thus quite expensive.
The third method requires extensive spectroscopy to
measure the velocity distribution of cluster galaxies, and
so it is generally based on ground-based observations.
In this contribution I will present methods and results
relative to the third method.
When galaxies are used as tracers of the gravita-
tional potential, the halo mass profile can be determined
by application of the spherical Jeans equation Binney &
Tremaine (1987),
M(r) = −rσ
2
r(r)
G
(
d ln ν
d ln r
+
d lnσ2r
d ln r
+ 2β(r)
)
, (2)
where ν(r) is the 3D galaxy number density profile,
σr(r) is the radial component of the 3D velocity dis-
persion profile, and β(r) ≡ 1 − (σ2θ + σ2φ)/(2σ2r), is the
profile of anisotropy of the galaxy velocity distribution,
σθ, σφ representing the tangential components of the 3D
velocity dispersion profile, with the usual assumption
σθ ≡ σφ.
Equation 2 can be described as the equivalence be-
tween the gravitational pull of the cluster mass and the
pressure resulting from the galaxy motions inside the
cluster. Since these motions depend on the galaxy or-
bits, the function β(r) enters the equation. Unfortu-
nately we do not have direct observational access to 3D
phase-space but only to projected galaxy positions and
line-of-sight galaxy velocities. Given spherical symme-
try it requires a simple integration to convert the pro-
jected galaxy number density profile into the 3D num-
ber density profile, ν(r), that enters eq. 2 (the Abel
integral, see Binney & Tremaine, 1987). On the other
hand, to convert the observed, line-of-sight velocity dis-
persion σlos to σr requires knowledge of β(r), since we
need to know the relative strengths of the radial and
tangential components of the velocity tensor to be able
to deproject it from the line-of-sight observable. The so-
lution for the Jeans equation is therefore generally con-
sidered to be degenerate between M(r) and β(r), the
Mass-Anisotropy Degeneracy or Jeans’ MADness.
Following an early suggestion by Merritt (1987), Ma-
mon et al. (2013) developed an algorithm, named MAM-
POSSt??, to cure Jeans’ MADness. The idea is that it is
possible to reduce the Mass-Anisotropy Degeneracy by
exploiting the full information available from the pro-
jected phase-space distribution, that is not restricted to
the projected galaxies number density and line-of-sight
velocity dispersion profiles. In practice, MAMPOSSt
adopts parametrized models for M(r), ν(r), and β(r) to
estimate the probability of observing a cluster member
at a given position in projected phase-space, i.e. at the
observed projected distance from the cluster center, and
with the observed cluster rest-frame velocity. By max-
imizing the products of the probabilities of all cluster
members, MAMPOSSt finds the optimal parameters of
the M(r), ν(r), and β(r) models (see Fig. 3).
??Modelling Anisotropy and Mass Profiles of Observed
Spherical Systems
2 BAAA, 61B, 2020
Biviano
Figure 3: Correlation of MAMPOSSt-derived and true val-
ues of four jointly fitted parameters (r200, rρ for M(r), rν for
ν(r), A∞ for β(r)) for several simulated halos with 500 trac-
ers each. Each panel corresponds to a different parameter,
as labelled. Different symbols identify different projections.
From Mamon et al. (2013).
Typically one considers only members located within
the cluster virial radius (e.g. as estimated from a scal-
ing relation) to ensure validity of the Jeans equation
assumption of dynamical equilibrium. Also, the region
dominated by the gravitational potential of the BCG
(the central ∼ 30 − 50 kpc) is typically excluded from
the analysis, unless the models do explicitly account for
the presence of the BCG and its gravitational potential
in addition to that of the cluster.
While MAMPOSSt is able to constrain the parame-
ters of M(r), ν(r), and β(r) simultaneously, in this con-
tribution I focus on results for M(r). Apart from the
NFW model presented in Sect. 1., several other models
have been proposed for the mass distribution of clusters
of galaxies, and are generally used in the MAMPOSSt
analysis. One is the generalization of the NFW profile
(gNFW profile hereafter),
ρ(r) ∝ (1 + r/r−2)γ−3 (r/r−2)−γ , (3)
where γ is the value of the slope of the profile near the
cluster center. Other profiles are characterized by dif-
ferent values of γ and/or the asymptotic slope of the
profile at large radii, γ∞. Relevant examples are the
profiles of Burkert (1995, Bur profile hereafter) with
γ = 0, γ∞ = 3, of Hernquist (1990, Her profile here-
after) with γ = 1, γ∞ = 4, and the softened isothermal
sphere (SIS profile herafter) with γ = 0, γ∞ = 2. Fi-
nally, the profile of Einasto (1965, Ein profile hereafter)
is characterized by a slope that continuously changes
with radius, γ = 2 (r−2/r)m with m ' 5 (see, e.g., Bi-
viano et al., 2013).
3. The data sets
In this contribution I will present results from three data
sets.
Figure 4: The projected phase-space distribution of clus-
ter members in the stack of 54 WINGS clusters. Different
symbols/colors represents galaxies of different morphologi-
cal types. From Mamon et al. (2019). Reproduced with
permission from Astronomy & Astrophysics, c©ESO.
• WINGS (Fasano et al., 2006): 76 clusters at redshifts
z < 0.2, with spectroscopy from WYFFOS at the
WHT and 2dF at the AAT (Cava et al., 2009), with
an average of 90 cluster members with positions and
velocities per cluster (Cava et al., 2017);
• CLASH-VLT (Rosati et al., 2014; Caminha et al.,
2017): 12 clusters at 0.2 < z < 0.5 with spectroscopy
from VIMOS and MUSE at the VLT, totalling ∼
8000 cluster members with positions and velocities;
• GOGREEN (Balogh et al., 2017): 14 clusters at
0.9 < z < 1.5, with spectroscopy from GMOS at
the Gemini telescopes, totalling ∼ 500 cluster mem-
bers with positions and velocities, when including
data from the GCLASS survey (Wilson et al., 2009;
Muzzin et al., 2012).
4. Results: the total mass profile
4.1. Low-redshift clusters
I describe here the recent results obtained by Mamon
et al. (2019) in their analysis of WINGS clusters. Their
results are based on a stack of the subset of 54 WINGS
clusters (see Fig. 4) that have been found to be free
of major internal substructures by the analysis of Cava
et al. (2017) and that contain at least 30 member galax-
ies. Stacking of the different clusters is done by esti-
mating a value of r200 for each cluster, based on scaling
relations of this parameter with either the line-of-sight
velocity dispersion, or with the cluster X-ray tempera-
ture, or with the cluster richness (i.e. the number of
cluster members within a certain range in rest-frame
velocity and within a certain distance from the cluster
center). Two different definitions were used for the clus-
ter center, the location of the BCG and the peak of the
X-ray emission. Results on M(r) of the stack cluster are
BAAA, 61B, 2020 3
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Figure 5: The total mass density profile of a stack of WINGS
clusters as derived from MAMPOSSt adopting the gNFW
model (grey shadings). Curves of different colors correspond
to different models adopted in the MAMPOSSt analysis.
From Mamon et al. (2019). Reproduced with permission
from Astronomy & Astrophysics, c©ESO.
only mildly dependent on the choice of the scaling rela-
tion to determine r200 and to the choice of the cluster
centers. In the stack cluster, all cluster-centric distances
are normalized by r200, and all rest-frame velocities are
normalized by v200 ≡ 10H(z) r200, where H(z) is the
Hubble constant at the mean redshift of the cluster.
The final stack pseudo-cluster contains more than
5000 members that are used to trace the gravitational
potential. Mamon et al. (2019) considered many possi-
ble models in their MAMPOSSt analysis. They found
that the highest likelihoods are obtained for gNFW
models with steeper inner slope than NFW (see Fig. 5).
However, there is no strong Bayesian evidence for a pro-
file significantly different from NFW.
4.2. Medium-redshift clusters
At intermediate redshifts, the MAMPOSSt analysis has
been applied so far to three of the CLASH-VLT clus-
ters, all very massive, MACS J1206.2-0847 at z =
0.44 (Biviano et al., 2013) with 600 cluster members,
MACS J0416.1-2403 at z = 0.40 (Balestra et al., 2016)
with 800 cluster members, Abell S1063 at z = 0.35 (Sar-
toris et al., in prep.) with 1100 cluster members. We
discuss Abell S1063 in Sect. 5.. For the other two clus-
ters, results from MAMPOSSt indicate that the mass
profile of MACS J1206.2-0847 is best fit by a NFW
model (see Fig. 6) and cored models such as SIS and
Bur are disfavored. On the other hand, the mass profile
of MACS J0416.1-2403 is best fit by a SIS model, that
is a model with a central core.
The different mass distribution between the two
CLASH-VLT clusters might be attributed to their dif-
ferent dynamical status. MACS J1206.2-0847 appears
Figure 6: The total mass profile of the z = 0.44 clus-
ter MACS1206, as derived from MAMPOSSt. Top panel:
MAMPOSSt M(r) best-fit NFW model (black curve) and 1
σ confidence region (grey shading). Bottom panel: Frac-
tional difference between different mass profiles and the
MAMPOSSt best-fit to the NFW M(r) (displayed in the
top panel). The Her, Ein, Bur, SIS models are represented
by the blue long-dashed, gold triple-dot-dashed, and red
short-dashed, and magenta curve, respectively. The green
lines in both panels represent results from the Caustic tech-
nique(Diaferio, 1999), but they are not discussed in this con-
tribution. From Biviano et al. (2013). Reproduced with
permission from Astronomy & Astrophysics, c©ESO.
Figure 7: HST color image of the cluster MACS J0416.1-
2403 with extended mass halo from strong lensing modeling
(white) contours and 0.5–2 keV X-ray emission (green) con-
tours overlaid. From Balestra et al. (2016). Reproduced
with permission from Astronomy & Astrophysics, c©ESO.
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Figure 8: The projected phase-space distribution of cluster
members in the stack of 10 GCLASS clusters. Blue/red
points identify blue/red galaxies, resp. From Biviano et al.
(2016). Reproduced with permission from Astronomy & As-
trophysics, c©ESO.
to be dynamically relaxed (Girardi et al., 2015), while
MACS J0416.1-2403 shows evidence of an ongoing
merger of two massive sub-clusters near the cluster cen-
ter (see Fig. 7 Balestra et al., 2016). Such a merger
could temporarily affect the central mass distribution
of the cluster, destroying its central cusp, as seen in
other clusters (e.g., Biviano et al., 2017).
4.3. High-redshift clusters
Using 10 clusters from the GCLASS survey at 0.87 <
z < 1.34, Biviano et al. (2016) constructed a stack clus-
ter of 418 cluster members (see Fig. 8), in a similar
way as described in Sect. 4.1.. Because of the clusters
high-z, X-ray emission could not be measured, so nei-
ther the X-ray peak emission could be used to define
the cluster centers, nor the X-ray temperature could be
used to derive the cluster r200. Centers were fixed at
the cluster BCG positions, and r200 values were derived
from the scaling relation with line-of-sight velocity dis-
persions (Munari et al., 2013).
Biviano et al. (2016) analyzed this stack cluster with
MAMPOSSt and found that its mass distribution is bet-
ter fit by a Bur model than by an Ein, a Her, or a NFW
model. While all models were found to be statistically
acceptable in terms of their likelihoods, the fact that the
Bur model is slightly favored by the data suggests that
the slope of the central mass density profile is less steep
than NFW, γ < 1.
My ongoing MAMPOSSt analysis of the new
GOGREEN data set, that includes the GCLASS sam-
ple, appears to confirm that z ∼ 1 clusters are char-
acterized by total mass density profiles that are flatter
than NFW near the center.
Taken together, results described in Sect. 4.1., 4.2.,
4.3. suggest a steepening with time of the inner slope
of the total mass density profile of clusters, a finding I
discuss in Sect. 6..
5. Results: the mass profile of the DM
component
Results presented in the previous Section are for the
total cluster mass profile. This includes not only the
dominant mass component, DM, but also the baryonic
components, namely the BCG stellar mass, the stellar
and gas mass of all the other cluster galaxies, and the
mass of the hot intra-cluster plasma (see, e.g., Biviano
& Salucci, 2006). DM is dominant at all distances from
the center except very near the center, where the stellar
mass of the BCG can take over (Sand et al., 2004). If
one wants to check the validity of the NFW model, it
is the DM mass profile that must be determined, rather
than the total mass profile. In fact, numerical simu-
lations that include the baryonic components and not
only DM, have shown that the inner slope of the total
mass density profile can be steeper than NFW in nearby
clusters (Schaller et al., 2015), in qualitative agreement
with our findings (see Sect. 4.1.).
As a matter of fact, the total mass distribution of
the low-z WINGS clusters (described in Sect. 4.1.) is
almost equally well fit by a gNFW model with γ > 1 or
by a combination of two NFW models, one describing
the cluster and the other the BCG mass distributions
(Mamon et al., 2019). This result suggests (but does
not prove) that it is the BCG baryonic mass that makes
the inner slope of the total mass density profile γ > 1, at
least at low-z. At higher z the mass contribution by the
BCG might be less important if the BCG formation time
is delayed with respect to its cluster host as indicated
by some observations (DeMaio et al., 2019).
Disentangling the baryonic component from the to-
tal mass to determine the DM mass distribution requires
an accurate and precise characterization of the different
baryonic components, in particular of the BCG. In fact,
it is the study of the inner cluster regions that is most
important to discriminate among different kinds of DM.
In a series of papers, Sand et al. (2004, 2008) and New-
man et al. (2013) have used the combined information
from the internal kinematics of the BCG and gravita-
tional lensing, to determine the inner slope γDM of the
DM mass density profile. They found γDM = 0.5, aver-
aged over 7 clusters, with a random error of ±0.1 and
a slightly larger systematic error (see Fig. 9). Such a
value is inconsistent with NFW.
This claimed discrepancy between the observed
value of γDM and the expected value from DM-only sim-
ulations, has been addressed in the paper by He et al.
(2019). Using halos from the Cluster-EAGLE hydro-
dynamic simulations they confirmed the approximately
NFW inner slope of the DM mass distribution of cluster-
size halos. At the same time, they tested and validated
the observational procedure of Newman et al. (2013) to
determine γDM . The discrepancy between simulated
and observed values of γDM can only be solved, ac-
cording to He et al. (2019), if the scale radii r−2 of
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Figure 9: The probability distribution of the inner slope of
the DM mass density profile γDM for several medium-z clus-
ters. The combined probability distribution is shown by a
thick black curve. From Newman et al. (2013). c© AAS.
Reproduced with permission.
the clusters analyzed by Sand et al. (2004, 2008) and
Newman et al. (2013) were over-estimated (by 50%),
because an over-estimation of r−2 propagates into an
under-estimation of γDM due to significant covariance
between these two parameters.
Within the CLASH-VLT team we are using new and
archival MUSE data for the BCG of some CLASH-VLT
clusters to determine their values of γDM . Our approach
is similar but somewhat different from the one adopted
by Sand et al. (2004, 2008) and Newman et al. (2013).
We are combining the information coming from the kine-
matics and surface brightness of the BCG, observed with
MUSE, with the information coming from the projected
phase-space distribution of cluster galaxies, observed
with VIMOS. The likelihood coming from MAMPOSSt
is combined with the likelihood coming from the fit to
the binned line-of-sight velocity dispersion profile of the
BCG.
Preliminary results for two CLASH-VLT clus-
ters, Abell S1063 (Sartoris et al., in prep.) and
MACS J1206.2-0847 (Biviano et al., in prep.) indicate
γDM values in better agreement with the theoretical pre-
dictions of He et al. (2019) than the previous determi-
nations by Sand et al. (2004, 2008) and Newman et al.
(2013).
6. Discussion
The analysis of the projected phase-space of cluster
galaxies shows that the cluster total mass density pro-
file is almost invariant and not very different from the
NFW model since z ∼ 1, that is, over the last 8 Gyr of
cosmic history. This leaves . 2 Gyr time for clusters to
achieve their final stage of dynamical equilibrium since
their formation (the most distant formed cluster known
is at z = 1.8, Andreon et al., 2014). The cluster dynam-
ical evolution after their formation must therefore be
rapid, and this can be achieved via the violent (Lynden-
Bell, 1967) or discreteness-driven relaxation (Beraldo e
Silva et al., 2019).
Despite the fact that the total cluster mass is DM
dominated, there are different theoretical expectations
for the central logarithmic slope of the total and the DM
mass density profile. A slope slightly larger than 1 is ex-
pected for the total mass density profile of massive clus-
ters of galaxies (Schaller et al., 2015). A value γ > 1 is
indeed found for the best-fit mass model of nearby clus-
ters from WINGS (Mamon et al., 2019). However, there
is a tendency for total mass density profiles to be flat-
ter near the cluster center at higher redshifts. Possible
explanations for this flattening include the following;
• mis-centering; we do not know the X-ray peak emis-
sion of distant clusters, so we must rely on the BCG
position only, and at times, BCG could be offset from
the bottom of the gravitational potential well.
• Dynamical disturbance; ongoing merger activity of
two sub-clusters can at least temporarily remove a
central cusp in the mass distribution. Since high-
mass clusters form relatively recently (e.g. Lapi &
Cavaliere, 2011), clusters at high-z are more likely to
be observed in a disturbed phase of ongoing merging
than clusters at low-z.
• AGN feedback (Ragone-Figueroa et al., 2012;
Peirani et al., 2017); the energy input of the BCG
AGN is able to reduce the concentration of the intra-
cluster plasma near the cluster center. By conse-
quence of gravitational interaction, also the DM dis-
tribution near the center is similarly affected. Such
an AGN feedback may be more important at a stage
when the BCG is still forming.
• Decreasing relative importance of the BCG baryonic
component with increasing z. There is observational
evidence that BCG may still be forming in high-z
clusters (Miley et al., 2006; van der Burg et al., 2015)
and its mass assembly is delayed relative to that of
its host cluster (DeMaio et al., 2019).
Determining the DM-only, rather than the total,
mass density profile from observations, is less straight-
forward. One needs to separately account for the differ-
ent baryonic mass components, the BCG stellar mass,
the intra-cluster plasma, and the gas and stellar mass
in the other cluster galaxies. Since it is the central be-
havior of the DM density profile that can distinguish
between different types of DM, it is the BCG baryonic
contribution the most important one in this kind of anal-
ysis. So far, strong constraints have only come from one
research group, and they indicate γDM < 1 (Newman
et al., 2013, and references therein). He et al. (2019)
have used the Cluster-EAGLE simulations to confirm
the early predictions by Navarro et al. (1996), γDM ≈ 1.
He et al. (2019) have also shown that the observational
procedure adopted by Newman et al. (2013) should lead
to the correct values. He et al. (2019) mentioned the
possibility of solving the discrepancy if the estimates
of the cluster scale radii by (Newman et al., 2013) are
biased low, but they did not prove this to be the case.
So, while there is agreement between theory and ob-
servations on the total mass distribution of clusters, this
is not the case for the DM mass distribution. This could
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have a strong impact on our understanding of the na-
ture of DM. It is therefore very welcome that another
group, the CLASH-VLT team, is addressing this issue,
by using new MUSE data for the central cluster region
coupled with VIMOS data for cluster galaxies out to
large distances from the center, and an extension of the
MAMPOSSt technique to include the information on
the kinematics of the BCG. Preliminary results for two
clusters indicate values for γDM in agreement with the
theoretical expectation from He et al. (2019).
7. Conclusions
Clusters of galaxies, being DM-dominated systems, can
be very powerful probes to ascertain the nature of DM.
We can determine their mass distribution from the cen-
tral kpc to several Mpc from their center, by combining
the information coming from the projected phase-space
distribution of cluster galaxies, and from the velocity
dispersion and surface brightness profile of the BCG.
The current observational evidence appears to give con-
flicting results when the total or the DM-only mass dis-
tributions are considered. New MUSE observations of
the central regions of CLASH-VLT clusters will improve
our constrain on the DM inner mass profile. Additional
constraints might come from existing observations of
nearby clusters (Rines et al., 2013; Loubser et al., 2018).
In parallel, it is important to use cosmological hydrody-
namic numerical simulations such as DIANOGA (Rasia
et al., 2015; Biffi et al., 2016; Ragone-Figueroa et al.,
2018) to understand the effects of baryons on the DM
cluster mass profiles at different redshifts, and at dif-
ferent stages of the cluster evolution, and to validate
the observational procedure against possible systematic
biases, for instance those that could be induced by pro-
jection effects.
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